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.,. Design and Operation of Button-Probe, Beam-Position Measurements

J. D. Gllprick, J. F. Power, R. E. Meyer, and C. R. Ro.sc
Los A1.amos Nirlirmal bburalo~

Los Alamos, NM X7545

Atwmcl

Beam position mcwurcmrml systems have hccn inslallcd
on Lhc Akmccd Frm Elcciron laser (AFEL) facility at Los
Alamos Nirlionul Laboratory [ I]. The position mwurcmcm
uses a capaciti ~n- or humm-slylc probe lhtit rhlfcrcntiiucs the
bcarn-bunch chtigc distribution induced on each of tic four
probe Iobcs. The.sc induced sigrmls arc fcd to ampliMc-to-
phtisc pn.xcssing clcckonics thtu provide m.rlput signals
propormorral 10 the arc larrgcrrl 0[ tic probe’s opposilc-]obc,
signid-vcrllagc ratios, An associwcd computer systcm rhcn
digiiizcs and Iincarizcs chcsc proccsscd signals based on
Urcorctica.1models and measured respm.scs, This paper will
rcvkw k pr~cssing Clectronks and cdpacllivc probe
rcspon.scs by deriving simple [hcorclical models and
cw .pm’ing I.INXCmndcls lo aclu~l mc~surcd rcs]xmscs.

1, INTRODUCTION

The goal of [hc AFEL was m dcmorrst.rmc that iI (rcc
clcclron Itiscr (FEL) sui~blc Ior induswial, mcdiual, and
research upplwatimr can bc twill. This goul hus been
achicvcd try irccclcrwing on electron beam m 20 McV with x
bunching frequency of IOH,3 Ml Iz and wmsportirrg (Iw beam
into and out of a [IL. Io htivc sul(icicol l~sing cl (icicncy
from this wlgglcr-hascd Iwscr, k clcclrorr hem-n ~)silmn and
I@cclory angle must bc known N IJICcnmmcc and cxil of the
wiggler with rcsoluli(ms and urxuricics of ir Icw tcnlhs of a
pcrccnl ond a fcw f)crt.cnl of lhc hcum pipe rwlius.
rcspcctivcly. Also, this hcirm pt)si[ion mforrrmiorr MUSI be
known over as fcw micr[)hunchcs as possitrlc while
m;lirrl.uinirrg al Icasl ir facmr 0( lcll in bcmn currcrrl dyniunic
r;lIlgc. “~t} tillillll [Ilcsc mctisurcmcllt g{mls, (IIC prclrrrmi
mcusllrcmcn[ systcm choice WIS illl iIl(CgrilhXl I’)Ciull-posilion”

mrfisurcmun[ syslcm similar to Ihosc implcmcnml! tm III(’
( ;rmmd “[”CSIAccclcrtih}r (! iTA) [21. ‘1’hc Al;l[l. IW:IIII
~n)sl[h)n Wld Illlt!n$lly IllL’ilSllrL!lllUll[\ CorISIS[ (If [hr~l? hil!ill”

ctm)poncnls: u cnpilci[ivc- l~r hu[lon slylc prf)lw, :111
ill ll)lilildc-i~)-1)11’lsc posilioli processor. find Oss(lritilcd
Iincwizil(k)il idgoriihllis tia[ rcsidr In the cf)rl[r[d SySIImIII.

Tatrlc I dcscribcs lhc spccifimtions for lhc team position and
inlcnsily mc.mrrcmcnl syslcms.

11. MEASUREMENT SYSTEM DESCRIPTION

Figure I shows a piclurc of WC capacitive-style bcam-
posi[ion monitor (BPM) installed on r.hc AFEL lwamlinc.
Each probe corrsism of frrur r~wngular mmd Iubcs who.sc
dimensions arc (lcfincd by lhc sublcndcd Iobc angle of 45°
and a 3,2 mm Icngth. The prolx CIIXU apcr-turc is 2,34 cm
with a Iobc aperlurc of 2.54 cm, Alignmcnl of Lhc probe
awcmbly wil.h IJICaccclcrmor trearnlinc is achicvcd by using
tic frrur bosses located on the upsucam probe vacuum flange
(SW Figure I). T?,csc tmsscs arc U.SUJin h[h a bcmnlinc
idignmcn[ process and a probe taul-wire chiui~ctcriz.a[ion
fixture m find the ubsolutc off.sets and scnsilivi[ics m hcam
posilionm This alignmcru and probe chirructcrizatiorr
prorxdurc prowdcs sufficient infwma[ion to mtikc absolute
turn Posilion mcasurcmcnts to tic nurcsl t ().25 mm.
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* where p(z; ) is the Mm. charge distribution, eN is tire total

charge pcr bunch, f30is the subtended mglc of tic probe lobe,

a is ihc bunch length, and I% is tlrc beam velocity. Tlc beam

image current induced on each of ~hc probe lobes, Equation

(2)., is the integral of P(ZJ) in the z-dimension and the time

derivative where ~ is the nns temporal bunch length,
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(linear portion of a probe) znd < t4% accurate beam-position
m~surcments from 307C w WP70 of the probe radius [5].

The position processor consists of an iimp!itudc-to-pha.se
converter followed by a pha.sc-detection circuit [2], [6]. The
amplitude-to-phase technique converts an input two-port
amplitude ratio to a phase chffcrcncc between output ports
using vcctoraf processing techniques, Tlris phase diffcrcncc
is then detected with a doubic balanced mixer. The low
frequency output of tic double balanced mixer is a voltage
that is a function of the input signal power ratios. The
transfer function (inscribing the position processor is

L J

and L is the length of the Iobc, The beam-induu’d output

4+’[’OW ~

vfy([)=-
vol~ge, vp~w), at the Input to the processing elect-ronics is

V’p( jo) =
a(ja.l)l~(jro) Z ()

‘2 *li32i’ri‘(3)
whcr~ CP is the prof)c Capciuncc, Z(: is th~ churactcristic

impedance of the transmission Iinc and Lhc input impcdancc
0[ tic processing electronics, and s is the cahlc Mtcmuation[31.
The. 10 and 11 tcrrns arc [hc ~,cro- isn(i first-order Bcssc 1

functions that dcscribc the Iow-bciim-vcl(rcily effects of the
twain image-current Iongi[miinal distribution cuuscd by the
probe rtidius, R, and the diffuse kill]) radius. r, rcspcctivcly
[4].

The measured hcam-positiorr nod tiiut-wire prx)hc
chmsctcrization is the Ioguri[hmic rtilio (in dD) of [hc
opposite lobe signirl amplitudes and rntiy k cxprcs.scd ilS

() [)I}. -1 ~ ! ‘!#’)“~(,s(fl$(,)~i,,‘l(!()
‘on.in 1Rx (()-x)log. —--— ——-.-m-—-—-–-—-.:------- , (4)
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where Rx([) is the ratio [Jf Ihc signal illlli)litllilCS of oppming

h)bcs, irnd q) and @ arc the p)lar c(]t)r~iin;ltcs 01 Ih\l l~il!n

~H)sitllm [ 51. For tin “ideal” prt}lw, [k~untion (4) :m(l its
inverse Illiiy k rcducml with minima] I(NS ~)f irll(mlllilli[m II)
Include (rely {)fl”,scts,first-, un(l Ihird order ctrcf’fi[icrlls, ‘ills

slllllllili(’;lliol] ylclds a prol)C/h’illll ~M)slli\m Invc[sc llwlslcr
111111’ul)’l (}[

(6)

where VBp(f) is the output voltage, G is the output amplifier

gain, and Arf is the peak voltage driving the double bdiin~c

mixer 16]. Figurt! 2 shows the Equation (6)-based lcast-
Squiircs fit to the measured values of an AFEIL position
processor. There is a 396 diffcrcncc bctwccn the fitmd
cquatiorr find mc.murui data when the rneirsurcd values for the
proccs.wr constants. G wrd Arf, wctc substitute.! mm the fiI
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I’lw fwiltn Iotcnsity Incusurcmcnl syslcm iw(rn(.iw”l Ill<.
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The control sysmm irlgorithms use the inversion of

F,quation (6),

[.

f
I v~p(oz-i~

Rx(r) = 2010g Mrri

1]( 4(+ ~ ‘
(,8)

id dlC f)NJbC lnW.’N3 !.fMWfcr fUIICtlOrZ [ ~qUiItlOII (5)1 for
bum position, and the invcrsiorr of Equalion (“7) fur bci.rm
inlcnsity [8].

III. BEAM TEST RESULTS

‘rWObeam tests were conduclcd m verify the opcra[ion of
the beam position and inlcns!iy mcwiurcmcnt syswm. The
first tcit was the mcasurcrncnt of the capircitivc-probe
:rcqucncy response using Lhc AFE1, bunched bciun. The
Scconti test wirs a position mwtsurcnmn( test comparing tic
barn positions rncasurcd by the BWl systcrn imd an optrud
Transition radutkm (OTT?) pro!iic monilor [ 1 ].

l“hc signal power model from Equa[iorr (3) was cirlculatcd
hasc(i on Ihc actuirl gcomctrics of the AI”T.I. BPMs, ‘These
calculated data were lhcn compard 10 u SCL of acquird dirta
(Figure 3) bwut on an Indcpcndcnlly rncasurwi bunch length
and twrm current. ‘I?lcrc is very .gord tigrcen)cm bdwccn the
prohc modu 1 tind rncu..urcd diltil up (0 izpprox imalcl y 2 (“;t iz..
}’asI Ihcsc frcqucnc’its, it is Iikcly this sirnplc rmrdcl I l{quir(itm
( 3)] d(~s 1101 lrc~uratcly dcscrltw k tw;ml/prtk Irllrrilclioll,
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Figure 4. Horizontal and vcrticid f-warn position data show
corrcltitions hctwccn OT’l? and RPM data. The cqualions arc

Icast .squarcsfi( to (hc.scdata and “RA2” am X2 values.

IV. CONCLUSION

A series (J1 hcarn-position imd intr?nsity-mcasurcmcm
systems were installed and commissioned on lhc AFE1.

bciit~llinc. Anillyti~ thcorctirxrl transfer functions for cxh
systcrn comporwnt were derived, ca!culatcd, and measured.
There was good ugrccmcnt bctwccn the theoretical
componcn[ functions and measured systcrn data. Also, bcirm
data were taken irnd shown to agree with the mcasurcnwru
systcm nmdcls fnr chun}:c in both bcirm currcnl and bcanl
posiliorr, ‘rhcsc sys!crns arc now operational and ilrl!
providtng vi~llri~l)l~ int’orma(ifm to Ihc Al;lil. rcscirrchcrs.


